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(54) Vibrating gyroscope and electronic device using the same 



(57) A vibrating gyroscope (10) includes a vibrator 
(1 00) having a driving electrode ( 1 06) and a sensor elec- 
trode (104, 105), a driving circuit (300) for applying a 
driving voltage to the driving electrode (1 06), a detection 
circuit (200) which receives, from the sensor electrode 
(104, 105), a signal corresponding to a bending dis- 
placement of the vibrator (1 00), a signal processing cir- 



cuit (400) for processing a signal input from the detec- 
tion circuit (200) to detect an angular velocity, a power 
supply circuit (500), and a diagnostic circuit (600) for ex- 
amining whether or not the detection circuit (200), the 
driving circuit (300), the signal processing circuit (400), 
and the power supply circuit (500) are all functioning 
normally. 
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Description 

1 . Field of the invention 

[0001 ] The present invention generally relates to a vi- 
brating gyroscope and an electronic device using the 
same. More particularly, the present invention relates to 
a vibrating gyroscope for use in electronic devices such 
as video cameras having an anti-shake function, car 
navigation systems, and pointing devices, and to an 
electronic device using the same. 

2. Description of the Related Art 

[0002] Fig. 13 is a block diagram of a conventional vi- 
brating gyroscope 50. The basic concept of the vibrating 
gyroscope 50 shown in Fig. 1 3 is disclosed in Japanese 
Unexamined Patent Application Publication No. 
4-215017. 

[0003] Referring to Fig. 13, the vibrating gyroscope 50 
includes a vibrator 100, a sensor circuit 200, a driving 
circuit 300, a signal processing circuit 400, and a diag- 
nostic circuit 700. 

[0004] The vibrator 100 includes a first piezoelectric 
substrate 101, and a second piezoelectric substrate 
1 02. The first piezoelectric substrate 1 01 has a first sen- 
sor electrode 104 and a second sensor electrode 105 
on one principal plane thereof, and is polarized in the 
thickness direction. The second piezoelectric substrate 
102 has a driving electrode 106 on one principal plane 
thereof, and is polarized in the thickness direction. The 
other principal plane of the first piezoelectric substrate 
1 01 and the other principal plane of the second piezoe- 
lectric substrate 102 are bonded via an intermediate 
electrode 103. The sensor circuit 200 includes a first 
charge amp 220, a second charge amp 221 , and a dif- 
ferential circuit 210. The driving circuit 300 includes an 
adder circuit 310, an automatic gain control (AGC) cir- 
cuit 320, and a phase correction circuit 330. The signal 
processing circuit 400 includes a detector circuit 410, a 
smoothing circuit 420, and an amplifier circuit 430. 
[0005] In the vibrating gyroscope 50 having such a 
structure, the first and second sensor electrodes 1 04 
and 105 of the vibrator 100 are connected to the first 
and second charge amps 220 and 221, respectively. 
Each of the first and second charge amps 220 and 221 
is connected to the adder circuit 31 0 and the differential 
circuit 210. The adder circuit 310 is connected to the 
AGC circuit 320, and the AGC circuit 320 is connected 
to the phase correction circuit 330. The phase correction 
circuit 330 is then connected to the driving electrode 
106, the detector circuit 41 0 : and a diagnostic circuit 
700. The differential circuit 210 is connected to the de- 
tector circuit 410 and the diagnostic circuit 700. The de- 
tector circuit 410 is connected to the smoothing circuit 
420, and the smoothing circuit 420 is connected to the 
amplifier circuit 430. 

[0006] In operation, by applying a driving voltage to 



the driving electrode 106, the vibrator 100 undergoes 
flexural vibration in the thickness direction with the lon- 
gitudinal ends free. When an angular velocity whose ax- 
is extends in the longitudinal direction is applied to the 
5 vibrator 100, the Coriolis force causes a bending dis- 
placement in the width direction. Hence, signals having 
the same phase, which are caused by the driving volt- 
age, and charges having different phases are generated 
at the first and second sensor electrodes 104 and 105 
10 according to the Coriolis force. 

[0007] The first charge amp 220 converts the charge 
generated at the first sensor electrode 1 04 into a volt- 
age, which is then input to the differential circuit 21 0 and 
the adder circuit 31 0. The second charge amp 221 con- 

*5 verts the charge generated at the second sensor elec- 
trode 105 into a voltage, which is then input to the dif- 
ferential circuit 21 0 and the adder circuit 31 0. The adder 
circuit 310 adds the input signals so that the action of 
the Coriolis force may be eliminated from the signals, 

20 and outputs the resulting signal to the AGC circuit 320. 
The AGC circuit 320 amplifies the received signal to pro- 
vide a fixed amplitude, and inputs the result to the phase 
correction circuit 330. The phase correction circuit 330 
corrects the phase of the input signal before inputting 

25 the driving voltage to the driving electrode 1 06 and the 
detector circuit 410. 

[0008] The differential circuit 210 subtracts the input 
signals so that the signal corresponding to the driving 
signal may be removed from the signals, and inputs the 

30 signal corresponding to the Coriolis force to the detector 
circuit 410. The detector circuit 410 detects the input sig- 
nal from the differential circuit 210 in synchronization 
with the driving voltage, and inputs the result to the 
smoothing circuit 420. The smoothing circuit 420 

35 smoothes the input signal, and inputs it to the amplifier 
circuit 430, and the amplifier circuit 430 direct-current 
amplifies the input signal to output a signal correspond- 
ing to the angular velocity to the outside. 
[0009] Since the sensor circuit 200 and the driving cir- 

*o curt 300 are connected to the diagnostic circuit 700 in 
the vibrating gyroscope 50, it can be determined wheth- 
er or not both the sensor circuit 200 and the driving cir- 
cuit 300 are functioning normally, or whether or not at 
least one of the sensor circuit 200 and the driving circuit 

^5 300 is functioning abnormally. 

[0010] The conventional vibrating gyroscope 50 in- 
cludes the diagnostic circuit 700 which is connected to 
the sensor circuit 200 and the driving circuit 300, and it 
is possible to determine whether or not the sensor circuit 

^0 200 and/or the driving circuit 300 are functioning nor- 
mally. 

[0011] Phenomena which arises as a result of abnor- 
mality of the differential circuit 210 and the phase cor- 
rection circuit 330 can also be determined. For example, 
55 ft can be determined whether or not there are defects 
such as breakage, degradation, and connection failure 
in the first sensor electrode 1 04, the second sensor elec- 
trode 105, and the driving electrode 106 of the vibrator 
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1 00, or whether or not a power supply line leading to the 
driving circuit 300 has been disconnected. 
[0012] In the conventional vibrating gyroscope 50, 
however, only a part of the circuit components that can 
operate abnormally is monitored, and all abnormalities 
of the vibrating gyroscope 50 are not determined. In 
technologies such as vehicle-related technologies, 
since a variety of components interact with one another 
to establish a complex system, a small abnormality of 
one component may lead to fatal damage of the overall 
system. Therefore, it is desired that the presence of an 
abnormality of not only a part of a circuit but also all cir- 
cuit components including a power supply be reliably 
determined. 

[001 3] However, since the diagnostic circuit 700 is not 
connected to the signal processing circuit 400 in the 
conventional vibrating gyroscope 50, abnormality of the 
signal processing circuit 400 cannot be examined. Thus, 
a problem occurs in that an incorrect angular velocity 
which is output due to an abnormality of the signal 
processing circuit 400 would not be recognized. Further- 
more, since the vibrating gyroscope 50 does not allow 
abnormalities of a power supply to be examined, anoth- 
er problem occurs in that phenomena which do not arise 
as a result of abnormalities of the differential circuit 210 
and the phase correction circuit 330, namely, variance 
in voltage values of the power supply, and incorrect an- 
gular velocity which is output due to failure such as noise 
or instantaneous stop of operation, would not be recog- 
nized. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, it is an object of the present inven- 
tion to provide a vibrating gyroscope capable of reliably 
examining abnormalities if some circuit components are 
not functioning normally. 

[0015] It is another object of the present invention to 
provide a vibrating gyroscope capable of reliably exam- 
ining abnormalities if a power supply is not functioning 
normally. 

[001 6] It is still another object of the present invention 
to provide an electronic device having a reliable system 
implemented in a vibrating gyroscope capable of reliably 
examining abnormalities. 

[0017] To this end, in one aspect of the present inven- 
tion, a vibrating gyroscope includes a vibrator having a 
driving electrode and a sensor electrode, a driving circuit 
for applying a driving voltage to the driving electrode, a 
sensor circuit which receives, from the sensor electrode, 
a signal corresponding to a bending displacement of the 
vibrator, a signal processing circuit for processing a sig- 
nal input from the sensor circuit to sense an angular ve- 
locity, and a diagnostic circuit for examining whether or 
not the sensor circuit, the driving circuit, and the signal 
processing circuit are all functioning normally. 
[0018] Preferably, the signal processing circuit in- 
cludes a switching device and a detector circuit. The 



switching device outputs to the detector circuit either a 
signal input from the sensor circuit or a signal input from 
the driving circuit. The detector circuit detects a signal 
input from the switching device in synchronization with 
5 the driving voltage. In response to an input of the signal 
from the sensor circuit through the switching device, the 
signal processing circuit may sense an angular velocity. 
In response to an input of the signal from the driving 
circuit through the switching device, the signal process- 
10 ing circuit may output the signal indicating whether or 
not the signal processing circuit has an abnormality. 
[001 9] The diagnostic circuit may include a first deter- 
mination unit for comparing an input power supply volt- 
age with a reference voltage to determine whether or 
*5 not the power supply voltage falls within a predeter- 
mined range. 

[0020] The diagnostic circuit may further include a first 
rectifier circuit for rectifying a signal input from the sen- 
sor circuit, a second rectifier circuit for rectifying a signal 
input from the driving circuit, an adder circuit for adding 
the signal rectified by the first rectifier circuit and the sig- 
nal rectified by the second rectifier circuit, and a second 
determination unit for determining whether or not the re- 
sultant signal from the adder circuit falls within a prede- 
termined range. 

[0021] In another aspect of the present invention, an 
electronic device includes a vibrating gyroscope having 
any of the foregoing structures. 

[0022] Therefore, the vibrating gyroscope has the 
ability to examine whether or not all of the circuits as 
well as the power supply have an abnormality, thus pro- 
viding a reliable examination of abnormalities if some of 
the circuit components or the power supply is not func- 
tioning normally. 

[0023] Furthermore, the vibrating gyroscope allows 
the presence of abnormalities to be determined after the 
sensor circuit output signal and the driving circuit output 
signal are added, making it possible to reduce the 
number of comparators used therein, thereby providing 
simplification of circuitry. 

[0024] The vibrating gyroscope includes a switching 
device, and has a structure such that the presence of 
abnormalities is checked only when an examination of 
abnormalities is required, thereby providing simplifica- 
tion of circuitry. 

[0025] An electronic device according to the present 
invention includes a vibrating gyroscope capable of re- 
liably detecting abnormalities, thereby providing a sys- 
tem required for desired reliability. 
[0026] Other features and advantages of the present 
invention will become apparent from the following de- 
scription of the invention which refers to the accompa- 
nying drawings. 



25 



30 



35 



40 



45 



SO 



5 



EP1 167 922 A2 



6 



BRIEF DESCRIPTION OF THE DRAWING(S) 
[0027] 

Fig. 1 is a block diagram of a vibrating gyroscope 5 
according to one embodiment of the present inven- 
tion; Fig. 2 is a block diagram of an enlargement of 
a diagnostic circuit in the vibrating gyroscope 
shown in Fig. 1; 

Fig. 3 is an operational waveform diagram of the to 
vibrating gyroscope shown in Fig. 1 ; 
Fig. 4 is another operational waveform diagram of 
the vibrating gyroscope shown in Fig. 1 ; 
Fig. 5 is a block diagram of another diagnostic cir- 
cuit in the vibrating gyroscope shown in Fig. 1 ; is 
Fig. 6 is another operational waveform diagram of 
the vibrating gyroscope shown in Fig. 1 ; 
Fig. 7 is block diagram of a vibrating gyroscope ac- 
cording to another embodiment of the present in- 
vention; 20 
Fig. 8 is an operational waveform diagram of the 
vibrating gyroscope shown in Fig. 7; 
Fig. 9 is a block diagram of another signal process- 
ing circuit in the vibrating gyroscope shown in Fig. 7; 
Fig. 10 is a block diagram of an other signal process- 25 
ing circuit in the vibrating gyroscope shown in Fig. 7; 
Fig. 11 is a block diagram of a vibrating gyroscope 
according to another embodiment of the present in- 
vention; 

Fig. 12 is a block diagram of an autodriving circuit 30 
example for use in an electronic device according 
to the present invention; and 
Fig. 13 is a block diagram of a conventional vibrat- 
ing gyroscope. 

35 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0028] Fig. 1 is a block diagram of a vibrating gyro- 
scope 10 according to one embodiment of the present 40 
invention. In Fig. 1, the same reference numerals are 
assigned to components of the vibrating gyroscope 10 
which are identical or equivalent to those of the conven- 
tional vibrating gyroscope 50 shown in Fig. 13, and a 
description thereof is therefore omitted. 45 
[0029] Referring to Fig. 1 , the vibrating gyroscope 1 0 
includes a diagnostic circuit 600 in place of the diagnos- 
tic circuit 700 shown in Fig. 13. The diagnostic circuit 
600 is connected to the differential circuit 21 0 in the sen- 
sor circuit 200, the phase correction circuit 330 in the so 
driving circuit 300, the amplifier circuit 430 in the signal 
processing circuit 400, and a power supply circuit 500. 
[0030] Fig. 2 is an enlarged view of the diagnostic cir- 
cuit 600. Referring to Fig. 2, the diagnostic circuit 600 
includes a sensor determination circuit 61 0, a driving de- 55 
termination circuit 620, a signal processing determina- 
tion circuit 630, a power supply determination circuit 
640, and a comprehensive determination circuit 650. 



[0031] The sensor determination circuit 610 includes 
a rectifier circuit 611, a smoothing circuit 612, and a 
comparator 613. The driving determination circuit 620 
includes a rectifier circuit 621 , a smoothing circuit 622, 
and a comparator 623. The signal processing determi- 
nation circuit 630 includes a rectifier circuit 631, a 
smoothing circuit 632, and a comparator 633. The pow- 
er supply determination circuit 640 includes a compara- 
tor 643. The comprehensive determination circuit 650 is 
connected to the sensor determination circuit 610, the 
driving determination circuit 620, the signal processing 
determination circuit 630, and the power supply deter- 
mination circuit 640. 

[0032] The sensor determination circuit 610 is de- 
sert bed with reference to Fig. 3. Fig. 3 depicts the sensor 
circuit output signal output from the sensor circuit 200, 
and the rectifier circuit output signal output from the 
smoothing circuit 612. It will be noted that the driving 
determination circuit 620 and the signal processing de- 
termination circuit 630 have the same circuitry and the 
same features as those of the sensor determination cir- 
cuit 610, and a description thereof is therefore omitted. 
[0033] In the sensor determination circuit 61 0, the rec- 
tifier circuit 611 is connected to the smoothing circuit 
61 2, the smoothing circuit 61 2 is connected to the com- 
parator613, and the comparator 61 3 is connected to the 
comprehensive determination circuit 650. The rectifier 
circuit 611 receives the sensor circuit output signal out- 
put from the differential circuit 21 0 of the sensor circuit 
200. The sensor circuit output signal contains informa- 
tion regarding whether or not the sensor circuit 200 has 
an abnormality. The rectifier circuit 611 full-wave recti- 
fies the sensor circuit output signal and outputs the re- 
sult to the smoothing circuit 612, and the smoothing cir- 
cuit 612 smoothes the input signal and inputs it to the 
comparator 613. If the input signal is not less than the 
lower-limit reference voltage and is not more than the 
upper-limit reference voltage, the comparator 613 in- 
puts to the comprehensive determination circuit 650 the 
determination result indicating that the sensor circuit 
200 has no abnormality. On the other hand, if the input 
signal is below the lower-limit reference voltage or is 
above the upper-limit reference voltage, the comparator 
61 3 inputs to the comprehensive determination circuit 
650 the determination result indicating that the sensor 
circuit 200 has an abnormality. 

[0034] For example, the output of the differential cir- 
cuit 21 0 will be significantly low during a normal opera- 
tion, and will be significantly high during an abnormal 
operation, e.g., when the second charge amp 221 is out 
of order. In this regard, if the signal input to the compa- 
rator 613 is not more than the upper-limit reference volt- 
age, the comparator 613 may input to the comprehen- 
sive determination circuit 650 the determination result 
indicating that the sensor circuit 200 is functioning nor- 
mally, without utilizing the lower-limit reference voltage. 
Alternatively, the smoothing circuit 612 may be removed 
if it is not necessary. 
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[0035] The power supply determination circuit 640 is 
described with reference to Fig. 4. Fig. 4 depicts the 
power supply circuit output signal output from the power 
supply circuit 500. In Fig. 4, state A indicates that the 
power supply voltage is normal, state B indicates an ab- 
normal condition where the power supply voltage is in- 
stantaneously stopped, and state C indicates an abnor- 
mal condition where noise is applied to the power supply 
voltage. 

[0036] In the power supply determination circuit 640, 
the comparator 643 is connected to the comprehensive 
determination circuit 650. The power supply circuit 500 
receives the power supply circuit output signal which 
contains information regarding whether or not the power 
supply 500 has an abnormality. When the received sig- 
nal is not less than the lower-limit reference voltage and 
is not more than the upper-limit reference voltage, the 
comparator 643 inputs to the comprehensive determi- 
nation circuit 650 the determination result indicating that 
the power supply circuit 500 has no abnormality. On the 
other hand, if the received signal is below the lower-limit 
reference voltage or is above the upper-limit reference 
voltage, the comparator 643 inputs to the comprehen- 
sive determi nation circuit 650 the determination result 
indicating that the power supply circuit 500 has an ab- 
: normality. Typically, an abnormality of the power supply 
which continues for a very short period, such as in state 
B or C shown in Fig. 4, does not tend to be verified as 
abnormality at the sensor circuit 200 or the driving circuit 
300. However, use of the comparator 643 allows for a 
reliable examination of abnormalities. 
[0037] If the signals input from the sensor determina- 
tion circuit 610, the driving determination circuit 620, the 
signal processing determination circuit 630, and the 
power supply determination circuit 640 are all normal, 
the comprehensive determination circuit 650 then de- 
termines that the circuit components as well as the pow- 
er supply are all functioning normally. Otherwise, i.e., if 
at least one of the input signals is abnormal the com- 
prehensive determination circuit 650 then determines 
that the circuit components and the power supply are 
not functioning normally. 

[0038] As will be understood by those skilled in the 
art. the sensor circuit output signal is not limited to the 
signal output from the differential circuit 210, but may 
be a signal output directly from the first or second charge 
amp 220 or 221 . The driving circuit output signal is not 
limited to the signal output from the phase correction cir- 
cuit 330, but may be a signal output directly from the 
adder circuit 310 or the AGC circuit 320. The signal 
processing circuit output signal is not limited to the sig- 
nal output from the amplifier circuit 430, but may be a 
signal output directly from the detector circuit 41 0 or the 
smoothing circuit 420. 

[0039] Accordingly, the vibrating gyroscope 10 has 
the ability to examine abnormalities of all circuit compo- 
nents, thus providing a reliable examination of abnor- 
malities if some circuit components are not functioning 



abnormally. 

[0040] The vibrating gyroscope 1 0 also has the ability 
to directly examine a power supply circuit using a power 
supply determination circuit, thereby providing a reliable 
5 examination of abnormalities in the vibrating gyroscope 
10. 

[0041] Fig. 5 illustrates a modified diagnostic circuit 
601 in the vibrating gyroscope according to the present 
invention. In Fig. 5, the same reference numerals are 

10 assigned to components of the diagnostic circuit 601 
which are identical or equivalent to those of the diag- 
nostic circuit 600 in the vibrating gyroscope 10 shown 
in Fig. 2, and a description thereof is therefore omitted. 
[0042] Referring to Fig. 5, the diagnostic circuit 601 in 

15 the vibrating gyroscope 1 0 includes a sensor/driving de- 
termination circuit 660, in place of the sensor determi- 
nation circuit 610 and the driving determination circuit 
620 of the diagnosis circuit 600 shown in Fig. 2. The 
sensor/driving determination circuit 660 includes rectifi- 

20 er circuits 661 and 663, smoothing circuits 662 and 664, 
an adder circuit 665. and a comparator 666. The rectifier 
circuit 661 is connected to the sensor circuit 200 and the 
smoothing circuit 662, and the rectifier circuit 663 is con- 
nected to the driving circuit 630 and the smoothing cir- 

25 cuit 664. The smoothing circuits 662 and 664 are con- 
nected to the adder circuit 665, and the adder circuit 665 
is connected to the comparator 666. The rectifier circuit 
661 full-wave rectifies the sensor circuit output signal, 
and outputs the result to the smoothing circuit 662, while 

30 the rectifier circuit 663 full-wave rectifies the driving cir- 
cuit output signal in the direction opposite to the rectifier 
circuit 661 , and outputs the result to the smoothing cir- 
cuit 664. The smoothing circuits 662 and 664 smooth 
the received signals and output them to the adder circuit 

35 665, and the adder circuit 665 adds the input signals 
and outputs the result to the comparator 666. If the input 
signal is not less than the lower-limit reference voltage 
and is not more than the upper-limit reference voltage, 
the comparator 666 outputs to the comprehensive de- 

^0 termination circuit 650 the determination result indicat- 
ing that the sensor circuit 200 and the driving circuit 300 
have no abnormality. On the other hand, if the input sig- 
nal is below the lower-limit reference voltage or is above 
the upper-limit reference voltage, the comparator 666 

f5 outputs to the comprehensive determination circuit 650 
the determination result indicating that the sensor circuit 
200 and the driving circuit 300 have an abnormality. 
[0043] Fig. 6 is a waveform diagram of the sensor/ 
driving determination circuit 660, in which states D and 

50 e indicate a normal condition and states F, G and H in- 
dicate an abnormal condition. 

[0044] The state D is a state where no angular velocity 
is applied. In the state D, a driving circuit output signal 
having a predetermined magnitude is input to the recli- 
55 tier circuit 663, and a signal having a predetermined 
magnitude is output to the adder circuit 665 through the 
smoothing circuit 664. A sensor circuit output signal of 
0 V is input to the rectifier circuit 661 , and a signal of 0 
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V is output to the adder circuit 665 through the smooth- 
ing circuit 662. The adder circuit 665 adds the signals 
input from the smoothing circuits 664 and 662, and in- 
puts the result to the comparator 666. Then, the com- 
parator 666 determines that the resulting signal from the 
adder circuit 665 is not less than the lower-limit refer- 
ence voltage and is not more than the upper-limit refer- 
ence voltage. 

[0045] State E is a state where an angular velocity is 
applied. State E is different from state D in that a signal 
according to the Coriolis force is applied to the rectifier 
circuit 661 from the sensor circuit 220, and is rectified 
in the direction opposite to the rectifier circuit 663. The 
resulting signal is smoothed by the smoothing circuit 
662 and is passed to the adder circuit 665. Then, the 
comparator 666 determines that the resulting signal 
from the adder circuit 665 is not less than the lower-limit 
reference voltage and is not more than the upper-limit 
reference voltage. 

[0046] State F is a state where the driving circuit out- 
put signal is excessively high. In state F, an excessively 
high signal is input to the rectifier circuit 663, and the 
excessively high signal is then passed to the adder cir- 
cuit 665 through the smoothing circuit 664. Then, the 
comparator 666 determines that the resulting signal 
from the adder circuit 665 is above the upper-limit ref- 
erence voltage. 

[0047] State G is a state where the driving circuit out- 
put signal is excessively low. In state G, an excessively 
low driving circuit output signal is input to the rectifier 
circuit 663, and the excessively low signal is then 
passed to the adder circuit 665 through the smoothing 
circuit 664. Then., the comparator 666 determines that 
the resulting signal from the adder circuit 665 is not be- 
low the lower-limit reference voltage. 
[0048] State H is a state where the sensor circuit out- 
put signal is excessively high. In state H, an excessively 
high signal is input to the rectifier circuit 661 , and the 
excessively high signal is then passed to the adder cir- 
cuit 665 through the smoothing circuit 662. Then, the 
comparator 666 determines that the resulting signal 
from the adder circuit 665 is below the lower-limit refer- 
ence voltage. 

[0049] Accordingly, with use of the adder circuit 665, 
the vibrating gyroscope 10 including the diagnostic cir- 
cuit 601 reduces the number of comparators used there- 
in t thereby providing simplification of circuitry. 
[0050] For example, a vibrating gyroscope incorporat- 
ed in a behavior control system for motor vehicles must 
examine abnormalities of all circuits, and it is sufficient 
that abnormality of some of the circuits be examined on- 
ly at a specified time zone. For example, a sensor circuit 
and a driving circuit must be always examined with re- 
spect to the presence of abnormalities, while a signal 
processing circuit must be examined with respect to the 
presence of abnormalities only when the engine is ac- 
tuated. In other words, a self diagnostic operation is per- 
formed according to importance of circuitry, thereby pro- 



viding simplification of circuitry. 

[0051] Fig. 7 is a block diagram of a vibrating gyro- 
scope 20 according to another embodiment of the 
present invention. In Fig. 7, the same reference numer- 

s als are assigned to components of the vibrating gyro- 
scope 20 which are identical or equivalent to those of 
the vibrating gyroscope 10 shown in Fig. 1, and a de- 
scription thereof is therefore omitted. 
[0052] Referring to Fig. 7, the vibrating gyroscope 20 

io includes a signal processing circuit 401 in place of the 
signal processing circuit 400 in the vibrating gyroscope 
10 shown in Fig. 1 . The signal processing circuit 401 is 
different from the signal processing circuit 400 in that it 
further includes a switching device 450. The switching 

is device 450 inputs to the detector circuit 410 either the 
signal input from the differential circuit 21 0, namely, the 
sensor circuit output signal, or the signal input from the 
phase correction circuit 330, namely, the driving circuit 
output signal. The detector circuit 41 0 detects the signal 

20 input from the switching device 450 in synchronization 
with the driving voltage, and outputs the result to the 
smoothing circuit 420. The smoothing circuit 420 
smoothes the input signal and inputs it to the amplifier 
circuit 430, and the amplifier circuit 430 direct-current 

25 amplifies the input signal, and outputs the result to the 
outside. 

[0053] Fig. 8 is a waveform diagram of the signal 
processing circuit 401 in the vibrating gyroscope 20. In 
Fig. 8, state I indicates that the switching device 450 is 

30 connected to the differential circuit 210, where a signal 
corresponding to the angular velocity is output from the 
amplifier circuit 430. States J, K : and L indicate that the 
switching device 450 is connected to the phase correc- 
tion circuit 330, where a signal indicating whether or not 

35 the signal processing circuit 401 has an abnormality is 
input to the diagnostic circuit 600 from the amplifier cir- 
cuit 430. States I and J indicate a state where the signal 
processing circuit 401 has no abnormality, while states 
K and L indicate a state where the signal processing cir- 
cuit 401 has an abnormality. 

[0054] In state I, the signal input from the differential 
circuit 21 0 is input to the detector circuit 41 0 through the 
switching device 450. In sequence, the input signal is 
detected by the detector circuit 41 0, is smoothed by the 
45 smoothing circuit 420, and is amplified by the amplifier 
circuit 430 to output a signal corresponding to the angu- 
lar velocity. 

[0055] In states J, K, and L, the signal input from the 
phase correction circuit 330 is input to the detector cir- 

50 cuit 41 0 through the switching device 450. In sequence, 
the input signal is detected by the detector circuit 410, 
is smoothed by the smoothing circuit 420, and is ampli- 
fied by the amplifier circuit 430. Then, the signal 
processing determination circuit 630 in the diagnostic 

55 circuit 600 determines whether or not the signal 
processing circuit 401 has an abnormality. For example, 
in state J, the signal input from the amplifier circuit 430 
to the diagnostic circuit 660 is not less than the lower- 
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limit reference voltage and is not more than the upper- 
limit reference voltage, leading to determination that the 
signal processing circuit 401 has no abnormality. In 
state K, the detector circuit output signal indicates 0 V 
because the detector circuit 410 is functioning abnor- 
mally, and the voltage input from the amplifier circuit 430 
to the diagnostic circuit 600 is below the lower-limit ref- 
erence voltage, leading to determination that the signal 
processing circuit 401 has an abnormality. In state L, the 
amplification magnitude of the amplifier circuit 430 is ex- 
cessively high, and the voltage output from the amplifier 
circuit 430 is above the upper-limit reference voltage, 
leading to determination that the signal processing cir- 
cuit 401 has an abnormality. 

[0056] Accordingly, with use of the switching device 
450, the vibrating gyroscope 20 is designed so that the 
presence of abnormality of the signal processing circuit 

401 is examined only when such an examination of ab- 
normality is required, thereby providing simplification of 
circuitry. 

[0057] Fig. 9 illustrates a modified signal processing 
circuit 402 in the vibrating gyroscope 20 according to 
the present invention. In Fig. 9, the same reference nu- 
merals are assigned to components of the signal 
processing circuit 402 which are identical or equivalent 
to those of the signal processing circuit 401 in the vibrat- 
ing gyroscope 20 shown in Fig. 7, and a description 
thereof is therefore omitted. 

[0058] Referring to Fig. 9, the signal processing circuit 

402 further includes resistors R1 and R2 in addition to 
the components of the signal processing circuit 401 
shown in Fig. 7. One end of the resistor R1 is connected 
to a first input terminal of the switching device 450 which 
receives the sensor circuit output signal, and the other 
end is connected to a second input terminal of the 
switching device 450 which receives the driving circuit 
output signal. One end of the resistor R2 is connected 
to the second input terminal of the switching device 450, 
and the other end is connected to the driving circuit 300. 
[0059] With this structure, by sufficiently increasing 
the resistances of the resistors R1 and R2, the signal 
processing circuit 402 performs the same functions as 
those of the signal processing circuit 401 . 

[0060] Fig. 10 illustrates another modified signal 
processing circuit 403 in the vibrating gyroscope 20 ac- 
cording to the present invention. In Fig. 10, the same 
reference numerals are assigned to components of the 
signal processing circuit 403 which are identical or 
equivalent to those of the signal processing circuit 401 
in the vibrating gyroscope 20 shown in Fig. 7, and a de- 
scription thereof is therefore omitted. 
[0061] Referring to Fig. 10, the signal processing cir- 
cuit 403 further includes a reference voltage circuit 460 
and a switching device 451 in addition to the compo- 
nents of the signal processing circuit 401 shown in Fig. 
7. The reference voltage circuit 460 outputs a predeter- 
mined constant voltage. The switching device 450 in- 
puts to the detector circuit 410 either the sensor circuit 



output signal or the signal output from the reference volt- 
age circuit 460. The switching device 451 inputs to the 
detector circuit 41 0 either the signal output from the ref- 
erence voltage circuit 460 or the driving circuit output 
5 signal. When the sensor circuit output signal is input to 
the detector circuit 41 0 by the switching device 450, the 
switching device 451 inputs the driving circuit output sig- 
nal to the detector circuit 410. When the signal output 
from the reference voltage circuit 460 is input to the de- 
10 tector circuit 410, on the other hand, the switching de- 
vice 451 inputs the signal output from the reference volt- 
age circuit 460 to the detector circuit 41 0. 
[0062] Accordingly, in the signal processing circuit 
403, when the sensor circuit output signal is input to the 
15 detector circuit 41 0,the angular velocity is output. When 
the signal output from the reference voltage circuit 460 
is input to the detector circuit 41 0, the signal output from 
the reference voltage circuit 460 is used to detect the 
signal output from the reference voltage circuit 460. 
Therefore, the signal output from the reference voltage 
circuit 460 is smoothed by the smoothing circuit 420, 
and the signal amplified by the amplifier circuit 430 is 
output while the detector circuit 410 does not operate. 
That is, the diagnostic operation is performed on the am- 
plification magnitude of the amplifier circuit 430. 
[0063] Fig. 1 1 illustrates a vibrating gyroscope 30 ac- 
cording to another embodiment of the present invention. 
In Fig. 11, the same reference numerals are assigned 
to components of the vibrating gyroscope 30 which are 
identical or equivalent to those of the vibrating gyro- 
scope 20 shown in Fig. 7, and a description thereof is 
therefore omitted. 

[0064] Referring to Fig. 1 1 , in the vibrating gyroscope 
30, the sensor circuit 201 includes a first buffer circuit 
230, a second buffer circuit 231 , and resistors 240 and 
241 , in place of the first charge amp 220 and the second 
charge amp 22 1 of the sensor circuit 200 in the vibrating 
gyroscope 20 shown in Fig. 7. 

[0065] The first buffer circuit 230 and the resistor 240 
are connected to the first sensor electrode 1 04, and the 
second buffer circuit 231 and the resistor 241 are con- 
nected to the second sensor electrode 1 05. Each of the 
first and second buffer circuits 230 and 231 is connected 
to the adder circuit 310 and the differential circuit 210. 
The first buffer circuit 230 distributes the voltage of the 
first sensor electrode 104 to the adder circuit 310 and 
the differential circuit 21 0, and the second buffer circuit 
231 distributes the voltage of the second sensor elec- 
trode 105 to the adder circuit 310 and the differential 
circuit 21 0. The resistors 240 and 241 are used to adjust 
the impedance of the first sensor electrode 104 and the 
second sensor electrode 1 05, respectively. 
[0066] With this structure, the vibrating gyroscope 30 
having the detection circuit 201 also performs the same 
functions as those of the vibrating gyroscope 20. 
[0067] The illustrated embodiments have been de- 
scribed with respect to the vibrator implemented in a bi- 
morph vibrator having two piezoelectric substrates 
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bonded together; however, the vibrator may be imple- 
mented in a vibrator of the tuning bar type which is cy- 
lindrical or is shaped into a triangular block, or a vibrator 
of the tuning fork type. Of course, the sensor circuit, the 
driving circuit, the signal processing circuit, and the di- 5 
agnostic circuit of the present invention are not limited 
to those in the illustrated embodiments. 
[0068] Fig. 12 illustrates an electronic device example 
incorporating a vibrator in accordance with the present 
invention. Fig. 12 is a block diagram of an autodriving io 
circuit 70 for use in motor vehicles, which embodies an 
electronic device of the present invention by way of ex- 
ample. 

[0069] The autodriving circuit 70 includes the vibrat- 
ing gyroscope 1 0 in accordance with the present inven- 15 
tion, an integration circuit 701 , a servo circuit 702, a cur- 
rent driver 703, an actuator 704, and an angle- determi- 
nation sensor 705. In the autodriving circuit 70, the vi- 
brating gyroscope 10, the servo circuit 702, the current 
driver 703, and the actuator 704 are connected in series, 20 
and the output of the actuator 704 loops back to the ser- 
vo circuit 702 through the angle-determination sensor 
705. 

[0070] In operation, only an angular velocity signal in 
vibration of a vehicle chassis is input to the integration 25 
circuit 701 through the vibrating gyroscope 10. The in- 
tegration circuit 701 performs an integration on the an- 
gular velocity signal to convert it to the angle at which 
the chassis vibrates, and outputs the result to the servo 
circuit 702. The servo circuit 702 uses the input signals 30 
of angular velocity from the integration circuit 701 and 
the angle-determination sensor 705 to calculate the dif- 
ference between the current value and the target value, 
and outputs the result to the current driver 703. The cur- 
rent driver 703 outputs an electric current according to 35 
the input signal to the actuator 704, thereby allowing the 
actuator 704 to mechanically drive the steering wheel of 
the motor vehicle. The angle-determinafton sensor 705 
outputs the angle at which the steering wheel rotates to 
the servo circuit 702. 40 
[0071 ] With this structure, an electronic device having 
the autodriving circuit 70 according to the present inven- 
tion includes a vibrating gyroscope capable of reliably 
detecting abnormalities, thereby providing a reliable 
system which results in a large-scale system required 45 
for desired reliability. 

Claims 

50 

1 . A vibrating gyroscope (10; 20; 30) comprising: 

a vibrator (1 00) having a driving electrode ( 1 06) 
and a sensor electrode (1 04, 1 05); 
a driving circuit (300) for applying a driving volt- 55 
age to the driving electrode (106); 
a sensor circuit (200; 201 ) which receives a sig- 
nal corresponding to a bending displacement 



of said vibrator (1 00) from the sensor electrode 
(104, 105); 

a signal processing circuit (400; 401) for 
processing a signal input from said sensor cir- 
cuit (200) to sense an angular velocity; and 
a diagnostic circuit (600; 601) responsive to 
signals from said driving circuit (300), said sen- 
sor circuit (200; 201 ) and said signal processing 
circuit (400) for examining whether or not said 
sensor circuit (200; 201), said driving circuit 
(300), and said signal processing circuit (400; 
401) are all functioning normally. 

2. A vibrating gyroscope (20; 30) according to claim 1 , 
wherein said signal processing circuit (401) in- 
cludes a switching device (450) and a detector 
(410), 

the switching device (450) being adapted to 
output to said detector (400) one of a signal in- 
put from said sensor circuit (200; 201) and a 
signal input from said driving circuit (300) s 
the detector (410) being adapted to detect a 
signal input from the switching device (450) in 
synchronization with the driving voltage; and 
said signal processing circuit (401) sensing an 
angular velocity in response to an input of the 
signal from said sensor circuit (200; 201) 
through the switching device (450), and output- 
ting a signal indicating whether or not said sig- 
nal processing circuit (401 ) has an abnormality 
in response to the signal from said driving cir- 
cuit (300) through the switching device (450). 

3. A vibrating gyroscope (10; 20; 30) according to 
claim 1 or 2, wherein said diagnostic circuit (601) 
further includes: 

a first rectifier circuit (661 ) for rectifying a signal 
input from said sensor circuit (200); 
a second rectifier circuit (663) for rectifying a 
signal input from said driving circuit (300): 
an adder circuit (665) for adding the signal rec- 
tified by said first rectifier circuit (661) and the 
signal rectified by said second rectifier circuit 
(663); and 

a first determination unit (666) for determining 
whether or not the resultant signal from said 
adder circuit (665) falls within a predetermined 
range. 

4. A vibrating gyroscope (10; 20; 30) according to 
claims 1 , 2 or 3, wherein said diagnostic circuit (600; 
601 ) includes a second determination unit (640) for 
comparing an input power supply voltage with a ref- 
erence voltage to determine whether or not the 
power supply voltage falls within a predetermined 
range. 
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5. A vibrating gyroscope (10; 20; 30) according to 
claim 1 or 2, wherein said diagnostic circuit (600) 
includes a sensor determination circuit (61 0) for de- 
termining whether said sensor circuit (200) is func- 
tioning normally, a driving determination circuit 
(620) for determining whether said driving circuit 
(300) is functioning normally; a signal processing 
determination circuit (630) for determining whether 
said signal processing circuit (400) is functioning 
normally; a power supply determination circuit (640) 
for determining whether an input power supply volt- 
age falls within a predetermined range; and a com- 
prehensive determination circuit (650) responsive 
to the sensor determining circuit (610), the driving 
determination circuit (620), the signal processing 
determination circuit (630), and the power supply 
determination circuit (640) 'for outputting a signal 
and indicating whether the sensor determination 
circuit (610), the driving determination circuit (620), 
the signal processing determination circuit (630) or 
the power supply power determination circuit (640) 
are functioning normally. 

6. A vibrating gyroscope (10; 20; 30) according to 
claim 5, wherein the sensor determination circuit 
(61 0) includes a first rectifier (61 1 ), a first smoothing 
circuit (6 1 2) an d a first comparator (6 1 3) , the sensor 
circuit (200) being connected to the first rectifier cir- 
cuit (611), the first rectifier circuit (611) being con- 
nected to the first smoothing circuit (612), the first 
smoothing circuit (61 2) being connected to the first 
comparator (613), and the first comparator (613) 
being connected to the comprehensive determina- 
tion circuit (650). 

7. A vibrating gyroscope (10; 20; 30) according to 
claim 5 or 6, wherein the driving determination cir- 
cuit (620) includes a second rectifier circuit (621 ), a 
second smoothing circuit (622) and a second com- 
parator (623), the driving circuit (300) being con- 
nected to the second ect if ier circuit (621), the sec- 
ond rectifier circuit (621) being connected to the 
second smoothing circuit (622), the second 
smoothing circuit (622) being connected to the sec- 
ond comparator (623), and the second comparator 
(623) being connected to the comprehensive deter- 
mination circuit (650). 

8. A vibrating gyroscope (10; 20; 30) according to 
claim 5, 6 or 7, wherein the signal processing de- 
termination circuit (630) includes a third rectifier cir- 
cuit (631 ), a third smoothing circuit (632) and a third 
comparator (633), the signal processing circuit 
(400) being connected to the third rectifier (631 ) . the 
third rectifier circuit (631) being connected to the 
third smoothing circuit (632), the third smoothing 
circuit (632) being connected to the third compara- 
tor (633) and the third comparator (633) being con- 



nected to the comprehensive determination circuit 
(650). 

9. A vibrating gyroscope (10; 20; 30) according to one 
s of claims 5 to 8, wherein the power supply determi- 
nation circuit (640) includes a fourth comparator 
(643) for comparing whether the input power supply 
voltage falls within the predetermined ranges. 

10 10. A vibrating gyroscope (10; 20; 30) according to 
claim 1 or 2, wherein the diagnostic circuit (601) fur- 
ther includes a sensor/driving determination circuit 
(660), which includes the sensor circuit (200), the 
driving circuit (300), first and second rectifier circuits 

15 (661 , 663), first and second smoothing circuits (662, 
664), an adder circuit (665) and a comparator (666), 
the first rectifier circuit (661) being connected to the 
first sensor circuit (200) and the first smoothing cir- 
cuit (662) and the second rectifier circuit (663) being 

20 connected to the driving circuit (300) and the sec- 
ond smoothing circuit (664), the first and second 
smoothing circuits (662, 664) being connected to 
the adder circuit (665) and the adder circuit being 
connected to the comparator (666). 

25 

11. A vibrating gyroscope (30) according to claim 2, 
wherein the signal processing circuit (402) further 
includes first and second resistors (R1, R2), one 
end of the first resistor (R1) being connected to a 

30 first input terminal of the switching device (450) 
which receives the signal input from the sensor cir- 
cuit (200) and another end of the first resistor (R1) 
being connected to a second input terminal of the 
switching device (450), which receives the signal tn- 

35 put from the driving circuit (300), one end of the sec- 
ond resistor (R2) being connected to the second in- 
put terminal of the switching device (450) and an- 
other end of the second resistor (R2) being connect- 
ed to the driving circuit (300). 

40 

12. A vibrating gyroscope (10; 20; 30) according to 
claim 1 , wherein said signal processing circuit (403) 
includes a detector (41 0), a reference voltage circuit 
(460) and first and second switching devices (450; 

45 451), the reference voltage circuit (460) outputting 
a predetermined constant voltage and the first 
switching device (450) inputting to the detector 
(410) a signal output from the sensor circuit (200) 
or the signal output from the reference voltage cir- 

50 cuit (460), and the second switching device (451) 
inputting to the detector (410) either the signal out- 
put from the reference voltage circuit (460) or the 
signal output from the driving circuit (300). 

55 13. An electronic device including a vibrating gyro- 
scope according to any one of claims 13 to 17. 
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[FIG. 7] 
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[FIG. 11] 
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[FIG. 12] 
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